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METHODS FOR FORMING A CONDUCTOR ON A DIELECTRIC 

5 

Cross-Reference to Related Applications 

10 [0001] This application is related to the application of John F. Casey, 

et al. entitled "Methods for Making Microwave Circuits", filed on the same 
date as this application (Docket No. 10020707-1); and to the application of 
John F. Casey, et al. entitled "Methods for Depositing a Thickfilm Dielectric 
on a Substrate", also filed on the same date as this application (Docket No. 

15 1 0030747-1 ). These applications are hereby incorporated by reference for 
all that they disclose. 

Background 

20 

[0002] Microwave circuits have traditionally been built using individual 
thinfilm components (e.g., microstrips or bent microstrips) that are then 
assembled with one or more active circuit die into a machined metal package 
that is commonly referred to as "a gold brick". These machined packages 
25 often make up a substantial fraction of the cost of the final completed circuit. 
For simpler brick machining and improved impedance matching, the thinfilm 
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components are ideally the same thickness as the die itself. However, high 
frequency microwave circuits translate to high power . . . high power 
translates to high heat dissipation . . . high heat dissipation translates to very 
thin die . . . thin die translate to thin, thinfilm components . . . thin, thinfilm 
5 components translate to fragile substrates . . . and fragile substrates translate 
to low-yield, high-cost processing. 



Summary of the Invention 

10 

[0003] One aspect of the invention is embodied in a method for 
forming a conductor on a dielectric. The method comprises depositing a 
conductive thickfllm on the dielectric and then "subsintering" the conductive 
thickfilm. Either before or after the subsintering, the conductive thickfilm is 
15 patterned to define at least one conductor. After subsintering, the conductive 
thickfilm is etched to expose the conductor(s), and the conductor(s) are then 
fired at a full sintering temperature. 

[0004] Other embodiments of the invention are also disclosed. 

20 

Brief Description of the Drawings 

[0005] Illustrative embodiments of the invention are illustrated in the 
drawings, in which: 
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[0006] FIG. 1 illustrates a method for forming a conductor on a 
dielectric; 

[0007] FIG. 2 illustrates a dielectric deposited on a substrate; 
[0008] FIG. 3 illustrates the deposition of a conductive thickfilm on the 
5 FIG. 2 dielectric; 

[0009] FIG. 4 illustrates a cross-section of FIG. 3; and 

[0010] FIG. 5 illustrates the conductive thickfilm of FIGS. 3 & 4 after 

patterning and etching. 

10 

Detailed Description of the Invention 

[0011] When depositing certain conductive thickfilms on certain 
dielectrics, the conductive thickfilms react with the dielectrics to produce an 

15 interface layer that is more difficult to etch than if the same conductive 

thickfilms are deposited on substrates such as lapped alumina ceramics. 
FIG. 1 therefore illustrates a novel method for forming a conductor on a 
dielectric. The method 100 commences with the deposition 102 of a 
conductive thickfilm on the dielectric, followed by a "subsintering" 104 of the 

20 conductive thickfilm. Subsintering is defined herein as a heating process that 
is performed at a temperature greater than a mere "drying" temperature of 
the conductive thickfilm, but at a temperature less than a manufacturer's 
recommended "firing" temperature for the conductive thickfilm. 
[0012] The subsintering atmosphere, temperature and time should be 

25 sufficient to drive off and burn off unwanted organic materials to form a 
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coherent, but not fully densified, conductive film tliat can be patterned 
successfully by chemical etching. The deleterious effects of the 
aforementioned interface layer are greatly reduced by subsintering. 
Subsintering produces a conductive thicl^film layer that is sufficiently resistant 
5 to chemical etching to allow good pattern definition while minimizing the 
extent of the interface layer. The actual formation of the interface layer is 
determined by complex solid-state diffusion mechanisms which are highly 
time and temperature dependent. Minimizing the extent of the interface layer 
allows it to be removed in the same etch process prior to unwanted over- 

10 etching of a conductor (or conductors) patterned in the conductive thickfilm. 
Either before or after the subsintering, the conductive thickfilm is patterned 
106 to define at least one conductor. After the subsintering, the conductive 
thickfilm is etched 108 to expose the conductor(s). The conductor(s) are 
then fired 1 10 at a full sintering temperature. 

15 [0013] FIGS. 2-5 illustrate an exemplary application of the above 

method. FIG. 2 illustrates a substrate 200 that, by way of example, may be a 
40 mil lapped alumina ceramic substrate. A dielectric 202 is deposited on the 
substrate 200 in any of a variety of configurations and, by way of example, 
may form a long and narrow plateau having a more or less trapezoidal cross- 

20 section. See FIG. 3. In one embodiment, the dielectric is the KQ CL-90- 
7858 dielectric (a glass dielectric) available from Heraeus Cermalloy (24 
Union Hill Road, West Conshohocken, Pennsylvania, USA). However, the 
dielectric may be another dielectric and, particulariy, may be another KQ 
dielectric, glass dielectric, or any other dielectric with suitable electrical 

25 properties. The low loss and low dielectric constant of KQ CL-90-7858 
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makes it particularly suited for building microwave circuits (e.g., microwave 
transmission lines). 

[0014] As shown in FIGS. 3 & 4, a conductive thickfilm 300 is 
deposited on the dielectric 202. The conductive thickfilm 300 may be 
5 deposited in a number of ways, including screen printing, stencil printing and 
doctor blading. In one embodiment, the conductive thickfilm comprises gold, 
such as DuPont QG150 (available from DuPont (1007 Market Street, 
Wilmington, Delaware, USA)). 

[0015] The conductive thickfilm 300 may be deposited solely on the 
10 dielectric 202 or, as shown in FIG. 3, may be deposited over portions of both 
the dielectric 202 and the substrate 200. 

[0016] As previously mentioned, some conductive thickfilms react with 
the dielectrics on which they are deposited, thereby producing an interface 
layer 400 between the conductive thickfilm 300 and dielectric 202 that is 

15 more difficult to etch than if the same conductive thickfilm were deposited on 
a substrate such as a lapped alumina ceramic substrate. Such an interface 
layer 400 Is formed when DuPont QG150 is deposited on KQ CL-90-7858. 
This interface layer is best seen in FIG. 4, which shows a cross-section of the 
dielectric and conductive thickfilm shown in FIG. 3. 

20 [0017] If conductors are patterned and etched In DuPont QG150 

immediately after it is deposited on KQ CL-90-7858, the time required to etch 
the interface layer 400 may be long enough that unwanted etching of 
patterned conductors 500, 502, 504 occurs. That is, the etch time may be 
long enough that walls and edges of patterned conductors begin to erode, 

25 possibly changing the desired impedance of the conductors. The effects of 



10030748-1 _6- 

unwanted conductor etch are compounded when A) a conductive thickfilm 
300 is deposited over two or more different materials, and B) the conductive 
thickfilm 300 tends to etch more quickly over one of the materials. For 
example, DuPont QG150 deposited on an alumina ceramic substrate etches 
5 more quickly than DuPont QG150 deposited on KQ CL-90-7858. 

[0018] The problems mentioned in the above paragraph may be 
mitigated by "subsintering" the conductive thickfilm 300 prior to etch. As 
previously mentioned, subsintering is a heating process that is performed at 
a temperature greater than a mere "drying" temperature of the conductive 

10 thickfilm, but at a temperature less than a manufacturer's recommended 
"firing" temperature for the conductive thickfilm. For DuPont QG1 50 
deposited on KQ CL-90-7858, subsintering at a peak temperature between 
725°C and 850°C has been found to be effective, and subsintering at a peak 
tempeprature of about 725°G for about ten minutes has been found to be 

15 most effective. 

[0019] After the conductive thickfilm 300 is subsintered, it is sufficiently 
resistant to chemical etching, thereby allowing the interface layer 400 to be 
etched prior to unwanted over-etching of conductors 500-504 that are 
patterned in the conductive thickfilm. Subsintering at an appropriate time and 

20 temperature also helps to equalize the etch rates of a conductive thickfilm 
deposited on two different materials (e.g., DuPont QG150 and KQ CL-90- 
7858). 

[0020] Conductors 500-504 may be patterned in the conductive 

thickfilm 300 before or after subsintering and, after subsintering, the 
25 conductive thickfilm may be etched (e.g., chemically etched) to expose the 



10030748-1 -7- 

cx)nductor(s). See FIG. 1 1 . After etch and any necessary cleaning (e.g., 
washing or rinsing), the exposed conductors 500-504 are fired. For DuPont 
QG150 conductors, firing may be undertaken at a peak temperature of about 
850**C. 

5 [0021] When multiple similar firing cycles follow the conductor etch 

process and, if interconnection wires are to be connected to the final circuit 
by thermocompression wire-bonding, it may be advantageous to perform a 
mild chemical etch process after the final firing cycle. The subsintering 
process described herein may result in a somewhat more difficult surface to 

10 bond to. However, an approximately 20 second dip in an unheated solution 
of 10:1 hydrofluoric acid to de-ionized water, followed by de-ionized water 
rinse and dry, has been found to be effective to restore excellent bondability. 
Any sensitive elements, such as thickfilm resistors, may be protected during 
this brief chemical dip by any number of simple, easily removed masking 

1 5 materials, such as a photoresist or even simple tape. 

[0022] While illustrative and presently preferred embodiments of the 

invention have been described in detail herein, it is to be understood that the 
inventive concepts may be otherwise variously embodied and employed, and 
that the appended claims are intended to be construed to include such 

20 variations, except as limited by the prior art. 



